Hip arthroscopy is performed with increasing frequency in the treatment of femoroacetabular impingement. This technique has a significant learning curve and requires special training. This study aimed to determine how preoperative and intraoperative factors and surgeon experience affect the incidence of complications.
INTRODUCTION
F or the past two decades, hip arthroscopy has increasingly become the treatment of choice for nonarthritic hip diseases, such as femoroacetabular impingement. This is a technically demanding procedure given that the hip is a deep ball-and-socket joint surrounded by thick soft tissue and constrained by bone tissue, which limits maneuverability of surgical instruments. Hip arthroscopy can be efficiently used for treating femoroacetabular impingement, but optimal implementation of this procedure requires special surgical instruments, adequate traction devices, and an appropriate level of training for the surgeon. The learning curve, in particular, can directly affect the outcome of the arthroscopy and the incidence of complications. 1--3 Hip arthroscopy complications may arise as a result of the inherent complexity of the procedure, the anatomy of the hip, the patient's positioning, traction, irrigation, and surgical time. 1--5 Comprehensive examination of the literature reveals that between 6.5--20% of the patients have complications 2, 4, 6, 7 and that these most frequently involve neurapraxia, 1, 2, 6, 8 extravasation of fluid, 9, 10 severe nerve injury, 1, 11 skin necrosis, including genital lacerations, necrosis of the femoral head, 12 heterotopic ossification, 13 infection, 1 femoral neck fracture, 2 pulmonary embolism, deep vein thrombosis, 14 and acute abdominal pain. 15 Reported neurapraxias generally are reflected as pudendal, sciatic, or femoral cutaneous nerve injuries, and show an average recovery time of 3 wk; 2,6,8 these injuries mainly are attributed to timing and the burden exerted by traction on the limb, which should not exceed 50--75 lbs. 8 In this paper, we aim to describe how preoperative and intraoperative factors and surgeon experience may be associated with complications in patients who have had hip arthroscopy to treat femoroacetabular impingement. Surgeries included in the study were performed by the leading authors (JN, BA, WM) at different institutions. We compared our results with those reported in the literature, and provide recommendations arising from lessons learned that might be useful for surgeons planning to use this procedure in the near future. 
MATERIALS AND METHODS
The Research Committee of the School of Medicine, Fundació n Universitaria de Ciencias de la Salud approved the protocol and our research proposal was classified as safe. A prospective cohort study was conducted of patients who had hip arthroscopy for femoroacetabular impingement between January, 2008 and December, 2010 at four different institutions; patients with previous hip surgery or incomplete records or follow--up were excluded from the study. Three-hundred and sixty-five hip arthroscopies were performed during the study period. Three patients were excluded because follow-up records were not available for them. Thus, 362 hip arthroscopies were considered. Patients were followed for a minimum of 6 mo. Initial evaluation and follow-up were performed by an orthopaedic surgeon and an orthopaedic resident during an office visit.
Indications
Most patients initially complained of insidious onset hip pain, which was worse with activity, such as sports requiring high hip flexion. Some patients complained of pain when rising from a seated position, driving, or getting out of a car. The pain frequently was localized at the groin, buttocks, lateral hip, and lower back. 15 A systematic physical examination included identifying the painful area (''C sign,'' the patient places his hand over the trochanter with the thumb placed posteriorly and the fingers to the front). The gait was observed, and alignment of the limbs was evaluated, looking for a Trendelenburg sign. Hip mobility was assessed, performing the impingement test, the log-rolling test, and the FABERE test; a pain point in the muscular insertion was sought. The physical evaluation was aimed at distinguishing between intraarticular and periarticular pathology.
Imaging studies included standard anteroposterior pelvic radiographs and a Dunn lateral radiograph (451 hip flexion and 201 abduction). 16 Standard measurements on plain films were used to classify bone morphology of the acetabulum. The following parameters were evaluated: center--edge angle, acetabular index, crossover sign, and coxa profunda (an acetabular fossa medial to the ilioischial line on an anteroposterior pelvic radiograph); in the femur, alpha angle and cervicodiaphyseal angle were measured. 17, 18 Variables Independent variables considered were age, sex, type of impingement, traction time, labral repair, labral debridement, period of learning curve, and heterotopic ossification prophylaxis (celecoxib 200 mg/daily for 3 wk after surgery). The dependent variable was defined as the percentage of patients experiencing complications. Hip arthroscopy complications have varying effects on patients, and for this reason complications were subvidided as minor (temporary complications in which the patient's health or physical performance was not compromised, for example, skin lesions caused by traction, temporary neurosensory injuries, iatrogenic chondral lesions: scuffing femoral head) and major (permanent complications that affected the patient's health or physical performance or require reoperation, for example, neurological lesions with motor deficits, permanent neurological injuries, fractures, avascular necrosis, joint infection, thromboembolic disease, postoperative abdominal pain, heterotopic ossification, and hip instability). 19 Complications were recorded by the surgeon (JMN,BA, WM)
Learning Curve
We estimated that the first 50 cases comprised the learning curve, as this is the time when all orthopaedic surgeons included in our study group expressed confidence with the procedure. Throughout the study, surgeries were divided in two chronological groups: the learning curve group, composed of the first 50 surgeries performed by each surgeon, which totalled 150 hips; and the post-learning curve group, composed of the remaining 212 hips.
Operative Procedure
Hip arthroscopies were performed with the patients supine on a distraction table (conventional Maquet table, Zywiec WS 86.5) as described by Byrd and Ilizaliturri, 20,21 with a well-padded perineal post (> 9 cm diameter to distribute forces over a large area of skin) for counter traction. 22 The affected hip was placed in slight flexion and slight abduction for efficient hip distraction. The foot was draped in soft dressing cotton. Fluoroscopy was used for achieving distraction, and standard hip arthroscopy portals were used: anterolateral, anterior, and posterolateral. Specialized access instruments for hip arthroscopy also were used (Smith and Nephew, Hip access System, Memphis, TN). 23 Traction was released during preparation and draping. Visualization was enhanced with an arthroscopic fluid pump maintained at 60--100 mm Hg and by adding epinephrine to the arthroscopic fluid. An inside-outside technique was followed, starting with the central compartment, where chondral and labral stabilizations were performed. In the peripheral compartment, traction was released and an osteochondral resection done. A dynamic test was done to check the mobility between the femoral head and the acetabulum.
Postoperative Care
Touch--down weight bearing was used for 10--20 days after the surgery; a physical therapy protocol was begun 5 days after surgery. All patients were given antithrombotic prophylaxis for 15 days during the postoperative period.
Statistical Analysis
Demographic and clinical variables such as sex, age, time of traction, operative findings, and type of impingement were presented as proportions or means. A Chi--square test was used to compare the incidence of complications between the two groups, and binary logistic, and multivariate logistic regressions were applied to evaluate the effect of independent variables on complications. Statistical significance was set at Pr0.05 and the power of the study was calculated at 80% for the positive variable.
RESULTS
The patients' ages ranged from 15--79 yr, with a mean of 40.4 yr (SD 11.95). Women comprised 59.4% of the population (215) and men 40.6% (147). The mean age of men was 39 yr (SD 12, range 16--79 yr) and 41.2 yr for women (SD 11, range 15--73 yr). No significant differences between age and sex were found using a Student t-test (P ¼ 0.136).
Traction time was categorized into four intervals ( Table 1 ). The most frequent preoperative diagnosis of femoroacetabular impingement was a mixed type and was present in 45.9% of the hips (166); cam types comprised 44.5% of the hips (161) and pincer types 9.4% (34). Individual patient treatment varied with radiographic and intraoperative findings, with 91.7% (332) requiring femoral osteoplasty and 48.9% (177) requiring acetabular osteoplasty. Labral treatment consisting of debridement was conducted in 50% (181), while labral repair was performed in 40.1% of the patients (145), and 9.9% (36) did not require any labral treatment. We found significant differences in the mixed impingement types with labral repair between the learning curve group and the post-learning curve group (P ¼ 0.03). The remaining sample was similar in femoroacetabular impingement type and labral treatment. The remaining population of study was homogenous with respect to femoroacetabular impingement and labral treatments.
Minor complications occurred in 88 hips (24.3%) and major ones in only four (1.1%). When considering the two groups separately, group 1 comprising the learning curve group (150) and group 2 the post-learning curve group (212), we found that 42% of the patients in group 1 (64/150) had complications whereas only 11.7% of the patients (25/ 212) in group 2 had complications. A Chi-square test showed a positive association for the incidence of complications in group 1 (P < 0.001; Table 2 ). A greater incidence of labral debridment and a lower number of labral reinsertions were apparent during the learning curve phase in the patient cohort diagnosed with mixed femoroacetabular impingment. No significant differences were found in patients with cam or pincer impingment.
The most common minor complications were temporary sensory alteration of the pudenda nerve, occurring in 18.8% of the patients (68), lateral dorsal cutaneous nerve of the foot in 4.4% (16) , and chondral iatrogenic injuries in 5.6% (20) . Major complications consisted of heterotopic ossification in 0.8% (3), two of which were inside the learning curve group and one outside; infection occurred in 0.2% (1) .
A positive association was found between the traction period and minor complications. Table 2 shows this direct association and confirms that when the traction period is increased, sensitive nerve injury also is higher. Traction periods longer than 90 min increased the risk of sensitive neurological injury by a factor of 2.9 (RR 2.913; CI 95%; 1.875--4.526; P < 0.001). Traction periods of 90 min or less acted as a protecting factor against neurological injury, (RR 0.343; CI 95%; 0.221--0.533; P ¼ < 0.001).
No association was found between major complications and the traction period nor between major complications and femoroacetabular and labral treatment.
In the first 240 patients, the postoperative protocol did not include medical prophylaxis for heterotopic ossification, and no positive association was found between the presence of heterotopic ossification and the use of celecoxib 200 mg per day, for 3 wk (RR 0.984; CI 95%; 0.090--10.740; P ¼ 1.00). However, after these complications occurred in the cohort study, we decided to initiate heterotopic ossification prevention in the rest of the population.
DISCUSSION
Hip arthroscopy has gained increasing interest during the last decade as a result of a clearer understanding of nonosteoarthritic hip pathologies and the search for alternative therapies that seek to preserve the hip joint.
An appropriate learning curve is a requirement for any new procedure, and hip arthroscopy is no exception. Hip arthroscopy has been reported to be a technically demanding procedure. Konan et al. 23 and complications. In our study, we extended this to 50 procedures to allow sufficient time for all orthopaedic surgeons involved to gain confidence with the procedure. Careful patient selection with attention to surgical indications are critical in reducing complications. By identifying the intraarticular or extraarticular pathology early through a systematic evaluation that included history, location of pain, physical examination, and diagnostic imaging, we were able to obtain satisfactory results.
Our hypothesis gains strength on the basis of our findings that surgical experience and traction time are directly associated with the incidence of complications in patients in whom hip arthroscopy was performed to treat femoroacetabular impingement. As indicated earlier, these surgeries were performed by the lead authors at different institutions.
The rate of reported complications in hip arthroscopy is very low, and the present study confirms this; in general, complications are associated with a learning curve. Sampson 2 found a difference of in complications in the first 500 procedures considered compared with the remaining 500 (15% and 6.2%, respectively). Clarke et al. 6 who studied the largest group of patients recorded in relevant literature (1024), encountered only 1.4% complications. Griffin and Villar 7 reported complications in 1.6% of 640 procedures. The most common complications were temporary neurological injuries, generally neurapraxia, related to traction placed on the limb during the procedure. Clarke et al. 6 reported 30 complications, four of which were related to sciatic and femoral nerve neurapraxia. Sampson 2 reported complications in 38 patients; 20 of these were neurapraxias of which four were of the pudendal nerve, four of the sciatic nerve, and one of the femoral nerve. This indicaties that not only traction, but also compression of the perineum during the procedure, can lead to neurapraxia. Additionally, a relationship between traction time and surgical time was found. 2 Yang-Pin et al. 8 reported neurapraxia in five patients out of a group of 73, with an average surgical time of 123 min. This further illustrates the influence of time on the occurrence of this complication. The literature positively relates neurapraxia to traction time, and the present study confirms this. Traction periods longer than 90 min are three times more likely to cause neurological damage than shorter traction times. Only two cases of permanent neurological damage have been reported in the literature. 1, 11 In this study, the incidence of heterotopic ossification was 0.8%, lower than that reported in the literature 13 where such cases occurred in 1.6--4.7%. 24, 25 Heterotopic ossification occurred in the first 240 cases of the study group, two of which were inside the learning curve group and one outside. Subsequently, the postoperative protocol included medical prophylaxis for heterotopic ossification, which leads us to believe that use of antiinflammatory drugs (NSAIDs) after arthroscopic femoroacetabular impingement treatment may be an effective preventive measure. Bedi et al. 26 suggested NSAID prophylaxis could be effective in preventing this complication.
Hip arthroscopy is a safe and effective procedure, which is nevertheless technically demanding, ideally requiring a learning curve for the surgeon. 3 In our experience, the most frequent complication was transient neurological injury caused by prolonged traction times and inadequate perineal and foot protection. In the light of this, the following recommendations are made to surgeons planning to use this procedure: (1) Ensure an accurate diagnosis by gathering a comprehensive medical history including a complete radiographic evaluation. (2) Use a suitable traction table, appropriate protection for the perineum and feet, and proper equipment. This will help reduce traction time. (3) Take the time to train sufficiently, including hands-on workshops on cadavers and hip athroscopy fellowships. This will facilitate the learning curve and improve the outcome.
